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- * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] about 2 photon polymerization nature constituent which carries out induction of 
the 2 photon polymerization reaction efficiently using two-photon absorption, this invention originates 
in the high spatial resolving power of two-photon absorption, and can produce the three-dimension 
hyperfine structure according to photopolymerization - it is overly related with a detailed Mitsuzo form 
2 photons. 
[0002] 

[Description of the Prior Art] Usually, the matter absorbs one photon of the energy equivalent to 
excitation energy, and is excited, and the photon of the energy with which this energy is not filled is not 
absorbed. However, when luminous intensity is very strong, two photons with which the sum of photon 
energy is equivalent to excitation energy may be absorbed by coincidence (off-resonance two-photon 
absorption). If this property is used, the photoreaction can be started only near the focus which narrowed 
down light with the lens, the location of the arbitration of space can be chosen, and an excitation state 
can be made and used. 

[0003] as the application using the excitation state generated by off-resonance two-photon absorption — 
three-dimension optical recording, 2 photon imaging, and an optical therapy (photograph dynamic 
therapy :P. DT) - and the detailed Mitsuzo form is overly known 2 photons. It is possible overly to 
produce the detailed three-dimensional structure by making a polymerization reaction cause in very 
minute space in a detailed Mitsuzo form 2 photon especially, fully using the advantage that the spatial 
resolving power of off-resonance two-photon absorption is very high. 

[0004] However, off-resonance two-photon absorption cannot happen very easily. The two-photon 
absorption cross section which shows the ease of happening of two-photon absorption is 1GM (however, 
lGM=lx 10-50 cm4 s molecule- 1 photon- 1) extent usually very small. Therefore, also in the various 
application using off-resonance two-photon absorption, although sensibility is very low and the high- 
power laser light source is needed, each has been a serious failure, when this applies off-resonance two- 
photon absorption. 

[0005] in recent years, the comparatively big compound of the off-resonance two-photon absorption 
cross section was reported, it got down, and those compounds were used - the example of a detailed 
Mitsuzo form is overly indicated by the following reference 2 photons. (2000 Namely, B.H.Cumpston et 
al, Nature, 1999, 398 and 51, K D.Belfield et al., J.Phys.Org.Chem., 13,837.) 

[0006] However, in these examples, the wavelength of the laser light source which can be used is 730- 
800nm and the narrow range, and the present condition is that only the two-photon absorption 
compound which suits this wavelength range and which was restricted extremely can perform efficient 2 
photon polymerization. Moreover, composition is difficult for many of compounds shown in these 
reference, and is not [ the stability of a compound ] good. 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve 
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contains the two-photon absorption compound which can adjust 2 in all photon absorption wavelength 
to the wavelength of the laser light to be used so that the laser light of the broad wavelength range can 
be used, its sensibility of 2 photon polymerization is good, and composition is easy and is offering 2 
photon polymerization constituent excellent also in stability, and its photopolymerization approach. 
[0008] 

[Means for Solving the Problem] Paying attention to adjustment of two-photon absorption wavelength 
being easily possible, and a compound with the large two-photon absorption cross section being 
important, it found out that this invention was solved by following (1) and (2) as a result of 
wholeheartedly examination of the artificers of this invention. 

[0009] (1)2 photon polymerization nature constituent which contains a two-photon absorption 
ingredient, a polymerization nature monomer, or polymerization nature oligomer at least, and is 
characterized by being the photopolymerization nature constituent which can be photopolymerized by 
two-photon absorption, and a two-photon absorption ingredient being the compound expressed with the 
following general formula (1). 
General formula (1) 

X2-(-CR4=CR3-) m-C(=0)-(-CRl=CR2-) n-Xl (among a formula) XI And X2 The heterocycle radical 
which is not permuted [ the aryl group which is not permuted / a permutation or /, a permutation, or ] is 
expressed. It may be the same, or you may differ, respectively, and it is Rl, R2, and R3. And R4 
Independently, respectively A hydrogen atom or a substituent is expressed and it is Rl, and R2 and R3. 
And R4 Inner some may join together mutually and may form a ring, the case where n and m are two or 
more ~ two or more Rl, R2, and R3 And R4 It may be the same, or you may differ, respectively, and n 
and m express the integer of 1-4 independently, respectively. 

[0010] (2) the linearity absorption band which the compound of a general formula (1) has in the above- 
mentioned polymerization nature constituent — a long wave — the photopolymerization approach 
characterized by making a polymerization reaction cause using the multiple photon absorption of two or 
more photons by which induction was carried out by irradiating the laser light of the wavelength in 
which it is merit and linearity absorption does not exist. 
[0011] 

[Embodiment of the Invention] Below, the mode of 2 photon polymerization nature constituent of this 
invention is described in detail. 2 photon polymerization constituent of this invention contains a two- 
photon absorption ingredient, a polymerization nature monomer, or polymerization nature oligomer at 
least, and is characterized by being the photopolymerization nature constituent which can be 
photopolymerized by two-photon absorption, and a two-photon absorption ingredient being the 
compound expressed with the following general formula (1). 
[0012] General formula (1) 

X2-(-CR4=CR3-) m-C(=0)-(-CRl=CR2-) n-Xl </SUP> (among a formula) XI And X2 The 
heterocycle radical which is not permuted [ the aryl group which is not permuted / a permutation or /, a 
permutation, or ] is expressed. It may be the same, or you may differ, respectively, and it is Rl, R2, and 
R3. And R4 Independently, respectively A hydrogen atom or a substituent is expressed and it is Rl, and 
R2 and R3. And R4 Inner some may join together mutually and may form a ring, the case where n and 
m are two or more - two or more Rl , R2, and R3 And R4 It may be the same, or you may differ, 
respectively, and n and m express the integer of 1-4 independently, respectively. 
[0013] The compound expressed with a general formula (1) below is described in detail. It sets to a 
general formula (1) and is XI . And X2 The heterocycle radical which is not permuted [ the permutation 
of the aryl group which is not permuted / the permutation of the carbon atomic numbers 6-30 or / or the 
carbon atomic numbers 1-10 or ] is expressed preferably, respectively. 

[0014] XI of a general formula (1) And X2 As an aryl group expressed, it is the aryl group which is not 
permuted [ the permutation of the carbon atomic numbers 6-30, or ] preferably, for example, phenyl, 
naphthyl, anthracenyl, or phenan friction mark nil can be mentioned, phenyl or naphthyl is desirable, 
and especially phenyl is desirable. 

[0015] XI of a general formula (1) And X2 As a heterocycle radical expressed, it is the heterocycle 
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radical of carbon numbers 1-10 preferably, and is the heterocycle radical of carbon numbers 2-9 still 
more preferably, and a thing desirable as a hetero atom is a nitrogen atom, an oxygen atom, or a sulfur 
atom. As an example of a heterocycle radical, for example A pyrrolidine, a piperidine, a piperazine, 
Morpholine, a thiophene, seleno FEN, a furan, a pyrrole, an imidazole, A pyrazole, a pyridine, pyrazine, 
pyridazine, a pyrimidine, triazole, Triazine, Indore, indazole, a pudding, thiazoline, a thiazole, 
Thiadiazole, oxazoline, oxazole, oxadiazole, A quinoline, an isoquinoline, phthalazine, a NAFUCHI 
lysine, quinoxaline, Quinazoline, cinnoline, a pteridine, an acridine, a phenanthroline, Phenazine, 
tetrazole, benzimidazole, benzooxazole, When benzothiazole, benzotriazol, a TETORAZA indene, 
benzoINDO renin, a carbazole, a dibenzofuran, and a nitrogen atom constitute a ring, the 4th class 
onium cation by which the nitrogen atom was formed into 4 class is mentioned. Preferably as 
heterocycle A pyridine, a pyrimidine, pyrazine, Indore, A thiophene, a thiazole, oxazole, a quinoline, an 
acridine, benzimidazole, It is the 4th class onium cation by which the nitrogen atom was formed into 4 
class when benzooxazole, benzothiazole, benzoINDO renin, and a nitrogen atom constituted a ring. 
When a pyridine, a thiophene, an acridine, benzimidazole, benzooxazole, benzothiazole, benzoINDO 
renin, and a nitrogen atom constitute a ring more preferably, the nitrogen atom is the 4th class onium 
cation formed into 4 class. 

[0016] XI of a general formula (1) And X2 You may have a substituent further and the thing of a 
publication can be listed, for example to below as an example of this substituent. the shape of a chain of 
the carbon atomic numbers 1-20, and an annular alkyl group (for example, methyl — ) The aryl group 
which is not permuted [ the permutation of ethyl, n-propyl, isopropyl, n-butyl, and carbon numbers 6-18, 
or ] For example, (phenyl, chlorophenyl, anisyl, toluyl one, 1-naphthyl), The alkenyl radical of the 
carbon atomic numbers 2-20 (for example, vinyl, 2-methylvinyl), the alkynyl group (for example, 
ethynyl and 2-methyl ethynyl — ) of the carbon atomic numbers 2-20 2-phenyl ethyriyl and a halogen 
atom (it Cl(s) and Br(s) for example, F — ) the amino group (for example, dimethylamino and 
diethylamino --) of I) and carbon numbers 2-20 Dibutylamino, a cyano group, hydroxyl, a carboxyl 
group, the acyl group of the carbon atomic numbers 2-10 The alkoxy group of for example, (acetyl, 
benzoyl, a SARICHI roil and pivaloyl), and the carbon atomic numbers 1-20 For example, (methoxy, 
butoxy one and cyclohexyloxy), the aryloxy group of the carbon atomic numbers 6-18 The alkylthio 
group of for example, (phenoxy and 1-naphthoxy), and the carbon atomic numbers 1-20 For example, 
(phenylthio and 4-chloro phenylthio), the alkyl sulfonyl group of the carbon atomic numbers 1-20 For 
example, (a methane sulfonyl and a butane sulfonyl), the aryl sulfonyl group of the carbon atomic 
numbers 6-18 For example, (benzenesulphonyl and a PARATORUENN sulfonyl), the carbamoyl group 
of the carbon atomic numbers 1-10, The amide group of the carbon atomic numbers 1-10, the imide 
radical of the carbon atomic numbers 2-12, the acyloxy radical of the carbon atomic numbers 2-10, the 
alkoxy carbonyl group of the carbon atomic numbers 2-10, and the heterocycle radical (for example, 
pyridyl — ) of the carbon atomic numbers 1-10 Aliphatic series heterocycles, such as aromatic series 
heterocycles, such as thienyl, a furil, thiazolyl, imidazolyl, and pyrazolyl, a pyrrolidine ring, a piperidine 
ring, a morpholine ring, a pyran ring, a thiopyran ring, a dioxane ring, and a dithiolane ring. 
[0017] It sets to a general formula (1) and is XL And X2 A thing desirable as a substituent The shape of 
a chain of carbon numbers 1-16, an annular alkyl group, the aryl group of carbon numbers 6-14, The 
aralkyl radical of carbon numbers 7-15, the alkoxy group of carbon numbers 1-16, the aryloxy group of 
carbon numbers 6-14, The amino group of carbon numbers 2-20, a halogen atom, the alkoxy carbonyl 
group of carbon numbers 2-17, They are the carbamoyl group of carbon numbers 1-10, the amide group 
of carbon numbers 1-10, and the heterocycle radical of the carbon atomic numbers 2-10. A thing 
desirable especially The shape of a chain of carbon numbers 1-10, an annular alkyl group, the aralkyl 
radical of carbon numbers 7-13, They are the aryl group of carbon numbers 6-10, the alkoxy group of 
carbon numbers 1-10, the aryloxy group of carbon numbers 6-10, the amino group of carbon numbers 2- 
10, a chlorine atom, a bromine atom, the alkoxy carbonyl group of carbon numbers 2-11, the carbamoyl 
group of carbon numbers 1-7, and the amide group of carbon numbers 1-8. 

[0018] It sets to a general formula (1) and is Rl, R2, and R3. And R4 Independently, a hydrogen atom 
or a substituent is expressed and it is Rl, R2, and R3, respectively. And R4 Inner some may join 
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together mutually and may form a ring. One desirable as a ring structure formed of them is Rl. R3 It is 
the case where form ethylene, a propylene, or a butylene radical and a five-membered ring, six 
membered-rings, or seven membered-rings are formed, and is the case where a membered-ring or six 
membered-rings are formed more preferably. 

[0019] It sets to a general formula (1) and is Rl, R2, and R3. And R4 As a substituent expressed, it is 
above-mentioned XI. And X2 The radical mentioned as a substituent of the radical expressed can be 
mentioned. 

[0020] It sets to a general formula (1) and is Rl, R2, and R3. And R4 It may join together mutually [ the 
arbitration of the quoted substituents / two ], and a ring may be formed. 

[0021] When n and m are two or more in a general formula (1), it is two or more Rl, R2, and R3. And 
R4 It may be the same or you may differ, respectively. 

[0022] In a general formula (1), they express the integer of 1-4 independently, respectively, also in it, as # 
for n and m, 1-3 are desirable, and 1-2 are the most desirable. The two-photon absorption ingredient 
compound of this invention was compounded by the aldol condensation reaction of a ketone compound 
and an aldehyde compound. 

[0023] Although the example of the two-photon absorption ingredient shown by the general formula (1) 
used for this invention below is given, the range of this invention is not these things limited to seeing. 
[0024] 
[Formula 1] 
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[0033] 

[Formula 10] 
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[0034] The example of concrete composition of a two-photon absorption ingredient compound is shown. 

[0035] Synthetic example 1 Synthetic p-(dimethylamino) **** leather aldehyde (17.5g, 0.1 mols) and 
cyclopentanone (4.2g, 0.05 mols) of a compound (1) were dissolved in isopropyl alcohol (2.4L), the 
methanol solution (1ml) of sodium methoxide was added, and it stirred at 40 degrees C for 1 hour. The 
crystal which filtered the crystal which the reaction followed on going on and deposited, added the 
methanol after dissolving the crystal with which it carried out the ** exception in chloroform, and 
deposited was filtered. 1 1 .0g (55% of yield) of dark red crystals. The obtained compound checked 
structure by 1 H NMR. 
lHNMR(CDCB-dl) 

delta= 2.86 (s, 4H, cyclopentane ring), 3.01 (s, 12H, dimethylamino radical), 6.67 (d, 4H, benzene ring), 
7.39 (d, 4H, benzene ring), 6.76 (t, 2H, methine chain), 6.90 (d, 2H, methine chain), 7.24 (d, 2H, 
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fhethine chain) 

[0036] Synthetic example 2 The compound (15) was compounded like the synthetic example 1 except 
using an acetone (2.9g, 0.05 mols) instead of the cyclopentanone shown in the example 1 of synthetic 
composition of a compound (15). 3.8g (20% of yield) of dark red crystals. The obtained compound is 
1H. Structure was checked by NMR. 
lHNMR(CDC13-dl) 

delta= 3.01 (s, 12H, dimethylamino radical), 6.67 (d, 4H, benzene ring), 7.38 (d, 4H, benzene ring), 6.46 
(d, 2H, methine chain), 6.76 (m, 2H, methine chain), 6.90 (d, 2H, methine chain), 7.48 (m, 2H, methine 
chain) 

[0037] Synthetic example 3 Instead of the cyclopentanone shown in the example 1 of synthetic 
composition of a compound (29), the compound (29) was compounded like the synthetic example 1 
except using a cyclohexanone (4.9g, 0.05 mols). 7.2g (35% of yield) of dark red crystals. The obtained 
compound is 1H. Structure was checked by NMR. 
1 H NMR(DMSO-d6) 

delta= 1.85 (m, 2H, cyclohexane ring), 2.75 (t, 4H, cyclohexane ring), 3.00 (s, 12H, dimethylamino 
radical), 6.66 (d, 4H, benzene ring), 7.39 (d, 4H, benzene ring), 6.89 (m, 4H, methine chain), 7.50 (d, 
2H, methine chain) 

As the polymerization nature monomer or polymerization nature oligomer used for this invention, 
cationic polymerization nature compounds, such as radical polymerization nature compounds, such as 
acrylic ester and an acrylonitrile system compound, vinyl ether, methylene dioxolanes, and epoxide, etc. 
are mentioned, for example. Especially as a liquefied photo-setting resin for the Mitsuzo forms, epoxy 
compound is desirable at the point that a volumetric shrinkage is comparatively small, and an urethane 
acrylate system is desirable in respect of a heat characteristic and a mechanical characteristic. 
[0038] As an example of a photo-setting resin, urethane acrylate systems, such as epoxy system resin, 
such as the Asahi Denka Kogyo make, HS-681, the product made from DMS-SOMOS, SOMOS8100, 
the Japan Synthetic Rubber make, SCR-8100 series, a product made from Vantico, and SL-7540, the 
product made from dee MEKKU, SCR-701 and the Teijin, Ltd. make, and TSR-1938, are mentioned. 
[0039] The constituent of this invention may contain the binder and the solvent by request further. As an 
example of a solvent, ester; methyl ethyl ketones, such as butyl acetate, ethyl lactate, and a cellosolve 
acetate, Ketones, such as a cyclohexanone and methyl isobutyl ketone; Dichloromethane, Amides [, 
such as halogenated hydrocarbon; N.N-dimethylformamide, ], such as 1,2-dichloroethane and 
chloroform; Sulfoxides, such as a JIMECHISU sulfoxide Hydrocarbons, such as sulfones, such as a 
sulfolane, a cyclohexane, and toluene; A tetrahydrofuran, Ether, such as ethyl ether and dioxane; 
Ethanol, n-propanol, Alcohols, such as isopropanol and n-butanol diacetone alcohol; fluorine system 
solvents, such as 2, 2, 3, and 3-tetra-FURORO propanol; Ethylene glycol monomethyl ether, Glycol 
ether, such as the ECHIRENN glycol monoethyl ether and the PUROPIRENN glycol monomethyl ether, 
can be mentioned, the above-mentioned solvent is independent in consideration of the solubility of the 
compound to be used - or two or more sorts can be combined and it can use. In the constituent of this 
invention, you may add [ for the purpose of various kinds of additives, such as a polymerization 
initiator, an antioxidant, UV absorbent a plasticizer, and lubricant, ] further. 

[0040] As an example of a giant-molecule binder, for example Gelatin, a cellulosic, a dextran, Natural 
organic polymeric-materials [, such as rosin and rubber, ]; and polyethylene, polypropylene, 
Hydrocarbon system resin, such as polystyrene and a polyisobutylene; A polyvinyl chloride, Vinyl 
system resin, such as a polyvinylidene chloride and a polyvinyl chloride polyvinyl acetate copolymer; 
Polymethylacrylate, Acrylic resin, such as BORIMETA krill acid methyl; synthetic organic 
macromolecules, such as an initial condensate of thermosetting resin, such as polyvinyl alcohol, 
chlorinated polyethylene, an epoxy resin, butyral resin, a rubber derivative, and phenol-formaldehyde 
resin, can be mentioned. The constituent of this invention may be liquefied according to an application, 
or may be a solid-state-like. 

[0041] Next, 2 photon polymerization method of this invention is described. The laser light of the 
wavelength in which it is long wavelength and linearity absorption does not exist from the linearity 
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absorption band which the compound of a general formula (1) has as the laser light source to be used is 
used. Specifically, the solid state laser which has oscillation wavelength, the semiconductor laser which 
has the oscillation wavelength near 780nm, solid state laser, semiconductor laser, solid state laser which 
have the oscillation wavelength of the range of 620-680nm, etc. can be used near the main wavelength 
oflOOOnm. 
[0042] 

[Example] Although this invention is explained in more detail below based on a concrete example, the 
range of this invention is not limited to them. 

Example 1 (example of 2 photon polymerization using 1053nm laser light) 
Polymerization liquid presentation two-photon absorption ingredient (Table 1) 0.1 mass sections 
ultraviolet-rays hardening resin Pee MEKKU SCR-701 The 100 mass sections [0043] Example 
polymerization liquid presentation ultraviolet-rays hardening resin of a comparison Dee MEKKU SCR- 
701 were used without adding a two-pjioton absorption ingredient. 

[0044] The laser beam with performance-evaluation wavelength [ of 1053nm ], 250mW [ of average 
power ], and cusp power lkW, a pulse width 3ps, and a repeat frequency of 82Hz was condensed to 
about 100 micrometers through the f = 300mm lens, and it irradiated. The existence of hardening was 
judged visually. A result is shown in Table 1 . 
[0045] 
[Table 1] 
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[0046] 

Example 2 (example of 2 photon polymerization using 780nm laser light) 
Polymerization liquid presentation two-photon absorption ingredient (Table 2) 0.1 mass sections 
ultraviolet-rays hardening resin Dee MEKKU SCR-701 The 100 mass sections [0047] The laser beam 
with performance-evaluation wavelength [ of 780nm ], 40mW [ of average power ], and cusp power 
7kW, a pulse width lOOfs, and a repeat frequency of 48MHz was condensed to about 100 micrometers 
through the f= 300mm lens, and it irradiated, The existence of hardening was judged visually. A result is 
shown in Table 2. 
[0048] 
[Table 2] 
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[0049] 

[Effect of the Invention] From the above evaluation result, it can respond to the various wavelength of 
the laser light to be used, and 2 photon polymerization constituent with sufficient 2 photon 
polymerization effectiveness can be offered. 



[Translation done.] 
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